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FOREWORD 


This  Technical  Documentary  Report  was  prepared  by  the  Retardation  and  Recovery 
Branch,  Flight  Accessories  Laboratory,  Dlrectci-  of  Aeromechanics,  Deputy  Com- 
mander/Technoiogy,  Aeronautical  Systems  Division,  Wrlght-Patterson  Air  Force  Base, 
Ohio. 

The  evaiuation  of  the  performance  of  solid-cloth  parachute  cam^es  with  varying  cloth 
permeabilities  was  initiated  in  August  1956  by  the  Parachute  Branch,  Aeronauiical  Ac¬ 
cessaries  Laboratory,  Wright  Air  Development  Center,  and  continued  until  May  I960. 
Work  was  conducted  under  Project  No.  6065,  Task  No.  606503  utKu  r  the  direction  o« 
project  engineers  George  A.  Solt,  Jr.  and  Reinhold  J.  Gross.  In  May  1960,  as  a  result  of 
reorganization,  this  effort  was  transferred  to  the  Retardation  and  Recovery  Branch, 
Flight  Accessories  Laboratory,  Aeronautical  Systems  Division,  under  the  guidance  of 
Mr.  Rcinhoid  J.  Gross.  Mr.  Clinton  V.  Eckstrom  served  as  at.  relate  uak  engineer 
during  the  last  phases  of  the  program,  which  were  completed  In  January  1962. 

The  authors  wish  tn  acknowledge  and  express  tbelr  ai^xeclation  to  the  personnel  of  the 
6Sllth  Test  Group  (Parachute),  NALF,  El  Centro,  California,  who  conducted  the  actual 
parachute  tests  and  who  acquired  the  required  data. 


ASD-TDR-62-413 


ABSTRACT 


Parachute  drops  from  aircraft  and  a  whirl  tower  were  conducted  on  parachute  canopies 
that  had  been  stored  for  12  years  to  determine  the  ^.'^^cis  of  age  qxxi  cloth  ^rmeabllity 
and  opening  characteristics  of  the  canopies*  The.^  jat^circular  canopies  were  24  feet 
in  diameter  and  made  of  l.6-ounce  nylor^  cloth.  They  had  permeabilities  ranging  between 
50  and  270  cubic  feet  of  air  per  square  foot  of  cloth  per  minute.  The  canopies,  originally 
fabricated  in  1947.  were  subjected  tn  "captive"  whirl -tower  testing  at  that  time.  Alter 
the  12-year  storage,  both  cloth  permeability  and  deployment  of  canopy  tests  con¬ 
ducted  to  compare  results  with  those  obtained  from  1947  tests  of  these  same  canopies. 

In  addition,  twisted  suspension-line  tests  were  conducted  to  validart  all  tests  under 
actual  operational  conditions. 

The  results  of  tests  conducted  confirm  the  relationship  between  cloth  permeability 
*2r.d  opening  force  and  time.  No  essential  changes  in  opening  cl'**  *act?ri8tic8  or  cloth 
permeability  were  indicated  after  a  12-year  aging  period. 


PUBLICATION  REVIEW 

Publication  of  this  technical  documenury  report  does  not  constitute  Air  Force  approval 
of  the  report's  findings  or  conclusions.  It  is  puUlshed  only  for  the  exchange  and  stimula¬ 
tion  of  i^as. 
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INTRODUCTION 


GENERAL 

The  performance  characteristics  of  solid-clo'ji  parachute  canopies  In  terms  of  filling 
time,  opening  force,  rate  of  descent,  unci  stability  depend  upon  the  air  permeability  of 
the  cloth  of  which  the  parachute  canopies  are  constructed.  Although  the  r?'1ationship  of 
some  of  the  ijorforniancc  characteristics  to  cloth  permeability  had  previously  been  ex-' 
ITen’montally  determined  (Ref.  1),  this  physical  phenomenon  has  oniy  recently  1  r^en  ex¬ 
plained  with  the  development  of  the  concept  of  “effective  porosity'*  (Ref.  2).  In  addition, 
the  effect  of  cloth  permeahillty  or  ixjrosity  upon  the  drag  and  .sta*^*iity  coefficients  of 
various  parachute  canopies  was  established  by  means  of  model  tests  (Ref.  3).  Virtually 
no  ex|X’rimcntai  data  were  available,  however,  hy  which  the  effecii:  of  aging  upon  cloth 
permeability  and.  consequently,  U|)on  the  opening  characteristics  o^  solid-cloth  para- 
rh:iro  canopies  could  !»  determined. 

MACK-tROUND 

in  the  late  stages  ot  World  War  il,  »  parachute  failed  to  open  during  dummy  tests.  This 
failure  was  proixibly  due  to  the  high  permeahillty  of  the  canopy  cloth.  At  the  time,  very 
little  data  were  available  concerning  the  performance  characteristics  of  high-permeabllliy 
parachute  canopies.  ITiereforc.  a  test  program  was  started  to  investigate  the  effects  of 
cloth  permeability  on  the  performance  of  parachutes.  One  hundred  and  twenty  flat-circular 
parachute  canopies  each  with  a  24-foot  diamtii^r  were  constructed  of  cloth,  which  varied 
In  permeability  from  50  to  270  cubic  feet  of  air  per  square  foot  of  cloth  per  minute  (ft* /ft*/ 
min)  at  1/2-lnch  water-pressure  differential  <W|^).  These  parachutes  were  manufactured 
by  the  i'loneer  i’arachute  Company  In  1947  and  their  cloth  permeabilities  were  deter¬ 
mined  by  the  Cheney  Brothers  Laboratory. 

Ail  parachute  canopies  were  constructed  of  1.6-ounce  nylon  cloth,  which  was  manufac¬ 
tured  hy  Cheney  Brothers  according  to  Specification  AN-C-127  (superseded  by  MIL-C-7020, 
'i'yiv  11).  ‘lliis  cloth  had  a  normal  permeability  of  100  to  160  ft^/ft*/mln  at  1/2-lnch  wpd, 
iV.-  contractor  modified  the  finishing  techniques  slightly  by  using  the  same  basic  fabric 
and  subjecting  It  to  greater  or  lesser  calendering  pressures  to  achieve  lower  or  higher 
ix*nneabiiity  than  had  been  found  in  the  run  of  regular  production.  Then  all  requirements 
for  permeabilities  lower  than  170  ft* /ft* /min  were  completed.  To  achieve  permeabilities 
higher  than  170  ftVft®/mln,  the  contractor  wove  a  Sfiecial  fabric.  This  weaving  was  ac- 
coinpiislKM  with  a  minimum  change  in  construction  by  using  the  same  type,  size,  and 
nuinivr  of  threads  In  both  warp  and  filling,  but  by  putting  five  turn  twists  per  inch  in  the 
filling  yam  instead  of  the  one  turn  twist  normally  used.  This  technique  permitted  the 
attainniont  of  a  maximi  n  cloth  permeability  of  over  250  ft*/ft*/niln,  and  varying  Che 
c  liondenng  pressure  permitted  the  permeaMIley  range  between  160  and  275  ft*/ft7mln 
to  \v  filled  in. 

iluring  1947,  the  iMoneer  i*arachute  Comfisny  conducted  1164  whirl-tower  drop  tests 
on  tiie  parachutes  at  release  velocities  ranging  from  50  to  225  miles  per  hour.  Details  of 
tlK'se  tests  and  Che  results  olKained  can  lie  found  In  References  I  and  4« 


Manuscrii^t  released  by  autlior  In  February  1962  for  publication  as  an  ASO  Technical 
Documentary  Report. 
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On  21  April  1958,  more  than  10  years  after  the  original  tests  were  conducted,  a  supple¬ 
mentary  test  program  was  Initiated.  At  this  time,  51  canopies  of  the  original  120  that  were 
manufaaured  by  the  Pioneer  Parachute  Company  were  available  and  in  a  satisfactory  con¬ 
dition  for  further  testing.  The  actual  testing  of  the  parachute  canopies  commenced  during 
the  spring  of  1959  and  continued  through  the  fall  of  19Af> 

Although  no  record  was  available,  we  assumed  that  none  of  the  parachute  canopies  were 
used  in  testing  during  the  period  between  1947  and  1959.  During  this  period^  the  canopies 
had  been  stored  indoors  and  were  not  exposed  to  any  abnormal  atmospheric  conditions 
other  than  those  found  in  non-aircondltl^ned  or  temperature-controlled  buildings. 

i’UHi’OSb  OF  STUDY 

The  purpose  of  this  supplementary  test  program  was  to  validate  ih?  original  test  results 
u?ider  actual  operational  conditions  and  to  determine  the  effects  of  age  on  the  permeability 
jf  -anopy  cloth  and  op  the  opening  characteristics  of  the  canopy,  ir  iuvlftlon  to  the  deter¬ 
mination  of  canopy  opening  characteristics,  twisted  susnensloa-li  .w*  tests  were  conducted 
t;.  dctem.'ne  if  the  parachutes  would  satisfy  requirements  for  personnel-parachute  ap¬ 
plications. 

TEST  l-gUlFMENT 

PARACIlirrE  CANOPIES 

ITie  parachute  canopies  were  of  standard  flai-clrcular  design;  each  canopy  was  24  feet 
in  diameter  with  suspension  lines  of  16  feet  10  Indies  In  length.  The  canopies  wore  manu¬ 
factured  according  to  Air  Force  Drawing  No.  42G2000.  The  cloth  used  had  been  manufac¬ 
tured  according  to  Specification  AN-C-127  and  deviations  u&  described  in  the  Introduction. 

All  parachute  canopies  were  originally  rated  as  to  their  permeability  and  grouped  Into 
11  groups  (Ref.  I).  With  120  canopies  available  In  1947,  there  were  several  canopies  in 
each  permeability  group.  With  only  51  canopies  remaining  for  testing  In  1958,  some  per¬ 
meability  groups  had  only  a  few  canopies.  The  number  of  canopies  available  In  each  group 
are  shown  In  Table  1. 

TAilLE  1 


CKOTII  PERMli Ami-ITY  CROUPS 


Group 

Number 

Pcri!«.Mbiliiy  rt'/i  t*  /Min 

Number  of 

Canopies 

1 

50-  70 

2 

2 

71-  90 

2 

3 

91-liO 

10 

4 

111-130 

8 

5 

131-150 

4 

6 

rM-170 

7 

7 

171-190 

6 

K 

191-210 

4 

211-230 

3 

10 

23I.2:)0 

0 

11 

251-270 

3 

iu.d 

_ _ 1 
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SUPPORTING  EQUiPMKNT 

Rubber-torso  dummies  weighing  approximately  225  po»irds,  which  included  dummy- 
borne  instrumentation,  were  used  as  the  suspended  . /op-test  weights  (Figure  1). 

The  parachute  canopies  were  packed  in  a  B-4  backpack,  Air  Force  Drawing  No.  50J6876 
and  were  attached  to  the  rubber-torso  dummy  (Figures  2  and  3)  with  a  B' :  harness.  Air 
Force  Drawing  No.  50J6858.  An  A-3  pilot  chute.  Air  Force  Drawing  No,  50J6811,  was 
attached  to  the  apex  of  the  24-fooc  canopy  with  a  32-inch  bridle  line.  Air  pernte..bility 
readings  of  the  canopy  cloth  were  made  according  to  Federal  Textile  Testing  Specifica- 

ion  CCC-T-191i),  Method  5450,  on  Frasier  Machines  80a  and  207. 

('ameras  providing  still  photographs  and  ground-to-air  i6-mm  m'Xlon  pictures,  which 
were  taken  at  speeds  of  64  frames  per  second,  were  used  to  record  the  tests.  All  time 
recordings  of  the  drop  tests  were  obtained  by  hand-operated  st  waicnes.  These  time 
recordings  were  checked  by  the  evaluation  of  available  film  records. 


TESTS  AND  DEPLOYMENT  METHODS 

The  65nth  Croup  (Parachute),  El  Centro,  California,  accomplished  all  of  the  testing 
under  Test  Program  No.  FTL-147.  Drop  tests  were  made  from  both  aircraft  and  a  whirl 
tower,  llie  aerial  tests  were  made  from  C-119  and  C-130  aircraft.  A  hinged  metal  plat¬ 
form  was  used  to  launch  the  dummy.  This  platform  allowed  the  dummy  to  slide  out  Of  the 
aircraft  and  reduced  the  tumbling  tendency  of  tlv;  dummy.  Opening  of  the  parachute  pack 
was  initiated  by  a  15-fooc  static  line  that  was  attached  to  the  floor  of  the  aircraft.  The 
pilot  chute,  which  was  permanently  attached  to  the  canopy,  deployed  the  parachute  canopy 
first.  IVlsted  suspension  lines  were  used  In  all  of  the  drops  from  aircraft;  no  dummy- 
borne  instrumentation  was  used.  'Phe  suspension  lines  were  twisted  between  the  skirt 
of  the  canopy  and  a  point  30  inches  belou'  the  skirt  of  the  canopy.  The  canopy  was  routed 
360  degrees  in  a  counterclockwise  direction  for  three  turns.  To  untwist,  the  canopy  would 
Kive  to  rotate  in  a  clockwise  direction  (i'igure  4). 

i  he  whirl-tow-er  drop  tests  were  made  frisu  a  gondola  that  was  attached  to  a  routing 
venicai  siuft  by  a  steel  cable  and  a  horlxontal  iwom.  llie  gondola  moved  In  a  circular 
ixith  that  was  334  fiH^t  In  diameter  and  120  feet  alwve  the  ground.  The  dummy  was  elec- 
tricaiiy  released  froitt  the  gondola,  and  a  13-inch  static  line  attached  to  the  gondola  acti¬ 
vated  tite  jxjrachute  rliHtord.  Itw  canopy  was  also  deployed  first.  Two  lenslomeLcrs  with 
a  lu-second  time  base  and  a  7S0O-pound  force  range  were  instajled  on  modified  harness 
risers  and  utilized  duriag  tb'^  Initial  tests.  iXiring  subsequent  tests,  strain-gage  tensio¬ 
meters  were  installed  in  the  harness  risers  and  were  used  with  dual-channel  telemetry 
to  record  sn^itch  and  o^vning  forces  on  all  whirl-tower  drops. 

i'he  whirl  tower  of  the  Pioneer  Parachute  Company  used  for  the  1947  tests  swung  the 
P^irachute  in  a  horizontal  circle  200  feec  in  diameter  at  a  height  of  65  feet  above  the 
ground.  l*rior  to  deployment  of  parachute,  boom  was  allowed  to  rotate  freely  with  the 
p.irachute  remaining  attached  to  the  whirl-tower  boom;  therefore,  the  tests  would  not 
quite  simulate  finite  mass  conditions. 
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TEST  PROCEtXJRES  AND  ANALYSES  OF  TEST  RESULTS 

GENERAL 

Air  permeability  readings  of  the  canopy  cloth  vfi  t  ;aken  in  a  marked  area  of  each  sec¬ 
tion  of  each  canopy  before  the  particular  canopy  was  packed  for  the  drop  test.  Permeability 
readings  were  taken  again  in  the  same  areas  after  the  canopy  had  been  subjected  tc  drop 
test. 

Each  canopy  was  subjected  to  the  following  drop  tests  in  the  order  listed; 

1.  Two  twisted-line  tests  in  which  the  parachutes  were  releasco  from  aircraft  that 
were  flying  at  speeds  of  110  knots  lAS  and  at  altitudes  of  SOO  feet; 

2.  Six  performance  tests  in  which  the  parachutes  were  releaseu  from  the  whirl  tower 
at  speeds  of  100.  125,  ISO,  175,  200,  and  225  knots,  wiccessii’ei. , 

3.  One  twisted-line  test  in  which  parachute  was  released  from  an  aircraft  that  was 
flying  at  a  speed  of  i/6  knots  IAS  and  at  an  altitude  of  SOO  feet; 

4.  One  twisted-line  test  in  which  parachute  was  released  from  an  aircraft  that  was 
flying  St  a  speed  of  225  knots  IAS  and  at  an  altitude  of  500  feet 

tf  a  canopy  was  severely  damaged  during  any  one  of  the  drop  tests,  no  further  tests 
were  made  on  that  canopy, 

WHIRL-TOWER  TESTS 

Instrumented  whirl-tower  tests  were  conducted  on  176  canopies;  164  provided  some 
useful  dsM,  "he  tests  were  conducted  at  release  velocities  of  100,  125,  ISO,  175, 200, 
and  225  knots.  These  tests,  together  with  the  results  obufned,  are  listed  in  Tsbie  2, 


TABLE  2 


RESULTS  OP  WHIRL-TOWER  DROP  TESTS 


Canopy 

Nu. 

Serial 
No,  of 
Canopy 

Porosity 

Croup 

Dxni> 

Spe^ 

(kts.) 

Snatch 

Time 

(sec,) 

Snatch 

Force 

ab«.) 

Opening 

Time 

(•ec.) 

Opening 

Force 

(lbs.) 

Remarks 

1 

322*556 

1 

100 

950 

wrm 

125 

WM 

1275 

Isl 

1520 

ISO 

1500 

■m 

175 

1390 

1,10 

mSM 

a36 

3100 

a97 

225 

a32 

3170 

Pilot  chute  de- 

•croyed 

4 

322598 

2 

125 

a7i 

1320 

1.50 

ISO 

a6o 

1810 

1.50 

175 

a54 

2620 

1,20 

3760 
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TABLE  2  (Continued) 


Serial 
No.  of 
Canopy 

Porosity 

Group 

Drop 

Speed 

(kts.) 

Snatch 

Time 

(sec.) 

Snatch 

Force 

Opening 

"ijme 

(sec.) 

- 1 

Opening 

Force 

(lbs.) 

Remarks 

■■ 

322506 

3 

125 

0.65 

1.55 

1675 

200 

0.35 

1.20 

225 

0.33 

0.85 

kRuB 

13 

322507 

3 

125 

950 

1.50 

1100 

Opening  right  be- 

fore  landing  | 

150 

0.60 

1460 

1.50 

/:20 

175 

0.47 

1840 

l.iS 

3580 

Pilot  chute  de- 

stroyed 

2(X) 

0.39 

2025 

1,03 

3975 

Minor  damage 

225 

17^0 

0.90 

4330 

Pilot  chute  de- 

stroyed 

12 

322508 

3 

100 

1350 

2.00 

1450 

125 

1750 

1.30 

1650 

150 

0.50 

1490 

1.20 

2280 

175 

0.57 

1550 

1.27 

3300 

2(X) 

0.36 

2150 

0,97 

3500 

Pilot  chute  de- 

stroyed 

225 

0.37 

2050 

1.05 

3760 

l-l 

322512 

150 

0.57 

1430 

1.21 

2620 

Core  5  de- 

stroyed 

j  9 

3225K6 

100 

0.78 

980 

1.73 

1530 

322.504 

3 

100 

600 

1.60 

950 

17 

322510 

4 

100 

1200 

2.10 

1500 

175 

0,40 

1550 

1.15 

2770 

200 

0.38 

2240 

1.32 

2400 

225 

0.41 

3880 

Minor  damage 

16 

322514 

4 

125 

0.76 

930 

1.50 

1800 

150 

0,48 

960 

1.38 

2225 

175 

1396 

1.20 

3945 

15 

322519 

4 

100 

0.69 

1300 

125 

0.59 

1080 

1.65 

1700 

LSU 

0.58 

1430 

1.29 

2770 

175 

0.43 

2010 

1.10 

3840 

200 

0.36 

1875 

074 

4650 

Major  damage 

IH 

322.546 

1 

lU) 

950 

2.00 

1050 

2t) 

322540 

4 

100 

800 

1.90 

1000 

125 

0.55 

1170 

1.55 

1830 

150 

0.61 

1300 

2.10 

1000 

175 

0,47 

1480 

1.10 

2830 

200 

2510 

0.90 

3140 

Canopy  inversion 

-  major  dantage 

21 

322513 

4 

100 

0.64 

825 

1.94 

1300 

125 

U..S9 

IUL5 

1.60 

1490 

150 

O.Mi 

17MJ 

1.47 

1720 

175 

0,40 

1070 

1.10 

3300 

2(K) 

0.37 

15K0 

1.56 

1640 

0.36 

23.50 

1.17 

3340 

S 


TABLE  2  (Continued) 
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■ 

Serial 

Porosity 

Drop 

- 1 

Snatch 

Snatch 

Opening 

Opening 

Na  of 

Group 

Speed 

Time 

Force 

Time 

Force 

m 

Canopy 

(kts.) 

<sec.) 

(Ibe.) 

(lbs.) 

Remarks 

18 

322546 

4 

100 

950 

125 

0.65 

980 

1.20 

Caropy  inversion 
•  major  damage 

19 

322549 

4 

100 

0.77 

790 

2.05 

1540 

125 

0.71 

1010 

1.66 

IBOO 

150 

0.46 

2265 

1.03 

175 

0.45 

1640 

1.28 

200 

0.36 

2720 

1.23 

Minor  damage 

225 

a3i 

2770 

1.07 

4675 

322830 

5 

100 

0.79 

750 

2.03 

,.-5 

125 

0.62 

1255 

1.42 

IthiO 

150 

0.44 

840 

1.39 

1750 

175 

0.44 

4300 

1.09 

7350 

225 

a62 

1425 

1.72 

1225 

24 

322525 

5 

125 

0.55 

1680 

1.35 

26)0 

150 

0.55 

1280 

1.25 

3105 

175 

0.44 

1610 

1.09 

3070 

200 

0.44 

1940 

1.08 

3845 

225 

0.30 

3320 

0.80 

3205 

Minor  damage 

25 

322829 

5 

100 

2.00 

1225 

125 

a56 

1340 

1.00 

2630 

Canopy  inversion 
•  major  damage 

26 

322528 

5 

100 

1150 

1.70 

1450 

125 

0.55 

970 

1.36 

1760 

“flower**  de¬ 
ployment 

ISO 

0.32 

1250 

1.08 

2350 

“flower**  de¬ 
ployment 

175 

0.43 

1.10 

3220 

300 

0.41 

6410 

a96 

6410 

225 

0.37 

2665 

a93 

4710 

28 

322527 

6 

100 

750 

125 

a63 

900 

150 

ass 

1630 

1.44 

2570 

175 

a47 

1550 

1.16 

2530 

aso 

1500 

1.36 

1870 

225 

a2y 

1450 

1.00 

4545 

Plloc  chute  de¬ 
stroyed 

32 

322591 

6 

125 

a75 

1240 

1.65 

1420 

ISO 

a46 

1340 

1.30 

1460 

175 

a45 

2350 

1.42 

1675 

a37 

1.33 

1680 

225 

0.33 

3150 

1.50 

2840 

Pilot  chute  de- 
St  ro>'ed 

34 

322536 

7 

100 

900 

2.10 

1200 

125 

a69 

760 

1.75 

1570 

150 

a65 

1520 

1.38 

2320 

175 

a47 

1760 

1.15 

2910 

_ 1 

ASD-TDR-62-413 


TABLE  2  (Continued) 


■ 

‘^«ll 

Serial 
No.  of 
Canopy 

iMrosIty 

Group 

Drop 

Speed 

(kts.) 

Snatch 

Time 

(sec.) 

Snatch 

Force 

(lbs.' 

Opening 

Time 

^eec.) 

Opening 

Force 

(lbs.) 

Remarks 

200 

0,37 

2230 

1.01 

3300 

225 

0.95 

6100 

Pilot  chute  de- 

stroyed 

322S37 

7 

100 

2.10 

1125 

125 

0.62 

1315 

1.50 

1445 

150 

0.53 

1.35 

1580 

175 

a52 

1.17 

3200 

200 

0.63 

1795 

1.32 

35i;0 

225 

0.34 

0.97 

7370 

Pilot  chute  de- 

stroyed 

36 

322596 

7 

100 

0.57 

1420 

125 

1.40 

2320 

150 

ISiS 

1.38 

2020 

175 

0.45 

IBSI 

1.10 

3080 

200 

0.36 

2285 

1.10 

3275 

225 

0.98 

7150 

Pilot  chute  de- 

stroyed 

39 

32256.3 

7 

125 

955 

1.85 

1030 

150 

0.55 

965 

1.30 

1145 

175 

0.50 

0.90 

2610 

inversion  - 

major  damage 

40 

322532 

K 

100 

0.74 

740 

2.12 

1240 

“flower”  de- 

ployment 

125 

0.83 

1375 

1.96 

1300 

150 

0.57 

1420 

1.72 

1540 

175 

0.44 

5100 

1.06 

7490 

2(X) 

0.45 

1575 

1.87 

950 

225 

0.6! 

16(K) 

1.46 

1890 

41 

322560 

H 

1(N) 

O.KO 

K50 

1.99 

1200 

125 

0.60 

1225 

1.58 

1225 

150 

0.4*> 

19fU) 

1.68 

1260 

1 

175 

0.53 

22W) 

1.31 

2150 

1 

225 

0.35 

3UiO 

l.iKl 

4250 

’  42 

122.56! 

s 

1(K> 

0.62 

1375 

l.HO 

1075 

1 

125 

0.6^> 

1250 

1420 

1 

»  150 

0..52 

1510 

1.35 

148(» 

1 

1 

175 

0.50 

I4^»0 

1,54 

1560 

{ 

2(KI 

U.40 

1950 

1.51 

1475 

Pilot  chute  de- 

stroyed 

j 

225 

1‘.  33 

I74XJ 

1.54 

1375 

41 

.122  V.2 

s 

125 

0.64 

1 2‘*5 

1.80 

1050 

j 

1.50 

O.N> 

l3Kt) 

1.71 

1410 

175 

0.47 

I960 

2.17 

2020 

1 

2tH) 

0.38 

1650 

1.44 

1560 

Pilot  chute  lie- 

S 


•j 


1.23 


2410 


Pilot  chuic  lie 
sctroyed 
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TABLE  2  (Continued) 


Canopy 

No. 

•1 

Serial 
No.  of 
Canopy 

PoroBity 

Group 

Drop 

Spe^ 

(kts.) 

Snatch 

Time 

(6ec.) 

Snatch 

Force 

(lbs.) 

Opening 

I'lme 

{dec.) 

Opening 

Force 

(Ibd.) 

Reniarks 

44 

322565 

9 

125 

880 

820 

150 

1750 

1.55 

1620 

175 

0.50 

1620 

1.46 

1645 

200 

0.39 

1.47 

1515 

225 

0.33 

1.12 

2425 

45 

322577 

9 

100 

0.85 

780 

86*' 

125 

0.76 

1000 

2.80 

920 

150 

0.50 

I6ir 

1.80 

1340 

175 

0.70 

1880 

1.5*' 

1240 

1  .  Tt  chute  de- 

s:n>yed 

200 

0.33 

1755 

1.47 

‘325 

Pilot  chute  tie- 

stroyed 

225 

0.32 

2260 

1.44 

1800 

46 

322575 

9 

100 

0.90 

660 

2.55 

680 

175 

0.30 

1830 

800 

Inversion  - 

major  ikimagc 

47 

322573 

10 

100 

0.77 

900 

2.07 

800 

125 

0.76 

1330 

1.98 

900 

"flower”  dc- 

ployment 

150 

0.57 

157G 

1.66 

1140 

175 

0.43 

4700 

1.56 

2900 

225 

0.3S 

3425 

1.50 

1850 

48 

322679 

10 

125 

0.64 

1120 

2.16 

950 

150 

0.60 

1775 

1.75 

1200 

175 

0.44 

1745 

1.83 

1050 

200 

0.33 

4740 

1.67 

35(X) 

225 

0.38 

2270 

1.37 

2190 

50 

322677 

II 

100 

0.96 

780 

660 

l  a  lied  ti» 

o|x,*n 

125 

0.65 

1140 

2.79 

760 

175 

0.60 

1710 

1.60 

1260 

200 

0.46 

2700 

1.55 

1320 

225 

0.33 

32.*>0 

1.58 

12(10 

Minor  damage 

49 

322684 

11 

125 

0.76 

1110 

1.61 

1950 

150 

0.53 

1250 

1.66 

1240 

175 

0.46 

1725 

2.00 

960 

200 

0.32 

2525 

1.39 

1910 

225 

0.35 

1370 

1.40 

2475 

I’iliH  cliute  de- 

> 

stroyed 

\n.ilyse:^  of  tiK*  ivrfortu  iiices  of  iIk*  c*tm»i>lc.s  umk^r  rlit*  uhirl-imcr  losi.s  follow. 
Sn.ttcit  i orcL*  :ind  ‘{ inio 

ITic  sn.jich  forof  .ind  rime  lo  .sn.trch  did  n<<  ciunj^e  wl»*n  ofoth  ivniicahilitv  eltuiyod. 

1  Ik'  ina>;iiiiude  of  rlic  sn.iii.*li  force  Is.  therefore,  a  fiiiierlon  of  iho  mass  of  tlie  paraclmte. 
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differential  veiocity  of  the  body  and  parachute,  and  the  elongation  propenlen  of  the 
suspension-line  material  The  snatch  force  did  increase  from  approximately  1000  pounds 
at  atest  veiocity  of  100  knots  to  approximately  2000  pounds  at  a  test  velocity  of  200  knots. 
As  the  snatch  force  increased  with  veiocity.  the  time  to  .inatch  decreased  from  0.75  second 
(approximately)  to  0.375  second  (approximately)  '!  .;;se  relationships  are  shown  in  Figure 
5. 

Fiiiin,^  Time 


The  filling  time  of  the  canopy  as  a  function  of  permeability  group  is  shown  in  Figure  6 
for  each  test  veiocity.  I'igure  6  shows  a  slight  increase  in  filling  time  with  Increasing 
cloth  permeability  for  all  test  velocities,  it  also  shows  that  the  flU*.ig  time  decreases  with 
increasing  velocity  if  the  filling  time  for  any  panicuiar  pcimeabiilty  group  is  considered 
as  3  function  of  test  veiocity. 

Opening  Force  and  i'ime 


The  opening  force  of  the  parachute  canopy  Increased  as  the  release  velocity  increased, 
as  shown  in  Figure::  7  ilarough  12.  'i'he  opening  force  decreased  with  increasing  cloth 
permeability  for  any  given  test  velocity.  An  example  would  be  the  opening  force  at  a 
release  velocity  of  175  knots.  In  Permeability  Group  3  the  average  force  was  3500  pounds, 
while  in  the  higher  Permeability  Group  9  the  average  opening  force  was  measured  to  be 
only  about  iSlH)  |xxinds. 

i’he  nibher-torso  dummy  (suspended  weight)  in  a  number  of  instsnees  tended  to  route 
approaching  an  axis  perpendicular  to  the  direction  of  parachute  deployment  and  resulted 
in  forces  of  varied  magnitude.  However,  the  forces  pertinent  to  each  specific  test  and 
permeability  group  itkiicated  clearly  the  Influence  of  permeability  on  the  opening  force. 

i’he  opening  times  are  also  shown  In  Figures  7  through  12.  The  opening  time  here  is 
defined  as  the  time  from  launch  to  a  point  where  the  canopy  Is  initially  fully  inflated,  or 
essentially  the  sum  of  the  time  until  snatch  force  occurs  and  the  filling  time*  Opening 
forces  and  ^  ning  times  measured  during  the  initial  tests  In  1947  and  reponed  In  Refer* 
ence  1  are  a.  >  sitown.  Comparing  these  data  indicate  that  both  seta  of  test  results  are 
of  the  KJine  or ’er  of  magnitutle. 

it  is  also  of  interest  to  kmw  hou-  the  ratio  of  opening  force  to  snatch  force  varies  with 
release  velocity  for  different  ivrmeablilties  of  canopy  cloth.  Figures  13  through  16  give 
the  ratio  of  opening  to  snatch  force,  llvse  figures  show  that  at  lower  release  veiocltles  the 
ofvning  force  was  greater  than  the  snatch  force  for  all  except  the  higher  permeabilities 
(Croups  9,  lU,  and  11).  \t  higher  release  velocities,  the  snatch  force  was  greater  and  the 
ix>lnt  where  the  sa;itcli  lorce  ivcaine  equal  to  the  opening  force  occurs  In  the  intermedUte 
permeability  groujis. 

Figures  17  through  27  show  representative  force  rimes  that  were  obtained  during  the 
deployment  and  Ofiening  sequences  of  parachute  canopies  of  each  oi2e  of  the  II  permeability 
groiq>s. 

Opening  Heiiability  and  Strength  oi  Canopy 

Of  the  176  whirl-tower  drop  tests  conducted,  only  2  canopies  failed  to  open.  Both  of 
these  failures  occurred  at  a  release  veiocity  of  lUO  knots.  One  of  the  canopies  that  failed 
was  from  IVrmeability  Group  4.  and  its  failure  to  open  was  anributed  to  tangled  and 


9 


ASD-TDR-62.413 


knotted  suspension  Hines.  The  other  canopy  was  from  Permeability  Group  11  aud  Ks  failure 
to  open  may  have  been  because  of  its  high  cloth  permeability.  This  canopy  hsd  reached  3/4 
inflation  at  point  of  ground  Impact.  On  other  tests  conducted  with  this  canopy  at  release 
speeds  varying  from  125  to  225  knots,  no  apparent  op''lng  hesitations  were  noted. 

Although  only  two  canopies  failed  to  open,  there  were  several  drops  in  which  canopies 
were  damaged  severely  enough  to  prevent  further  testing  of  that  particular  canopy. 

At  a  release  velocity  of  125  knots,  two  canopies  were  badly  damaged.  One  wi:s  from 
Group  3  and  one  was  from  Group  4.  in  both  instances,  the  canopies  inverted  during  in* 
nation  resulting  in  cloth  bums,  damaged  panels,  and  broken  suspension  Pnes. 

At  a  release  velocity  of  150  knots,  a  canopy  from  Permeability  Group  3  suffered  a 
blown  gore. 

At  a  release  velocity  of  175  knots,  four  canopies  were  damages.  They  were  one  each 
irun  Cruupe  3  and  7  and  two  from  Group  9. 

At  a  release  velocity  of  2U0  knots,  four  canopies  were  extensively  damaged.  They  were 
two  each  from  Permeability  Groups  3  and  4.  In  addition,  there  were  six  tests  In  which  the 
pilot  chutes  were  destroyed. 

One  instance  of  major  damage  to  the  canopy  occurred  at  the  release  velocity  of  200 
knots.  The  canopy  had  a  measured  force  of  4.650  pounds.  There  were,  however,  eight 
other  cases  where  the  measured  opening  force  exceeded  4.650  pounds  and  the  parachutes 
survived  undamaged.  These  forces  far  exceeded  the  highest  average  forces  measured 
during  the  initial  test  program  and  documented  in  Reference  1. 

At  a  release  velocity  of  225  knots,  there  were  11  instances  where  the  pilot  chutes  were 
destroyed.  A  canopy  from  Permeability  Group  4  had  four  suspension  lines  broken  and  a 
canopy  from  Group  5  had  three  panels  damaged.  It  should  be  noted  tliat  each  canopy  was 
tested  at  a  release  velocity  of  100  knots  first  and  then  at  successively  higher  velocities 
so  a  panel  might  have  been  damaged  at  a  iow'  velocity,  thereby  reducing  the  number  of 
canopies  subjected  to  tests  at  the  higher  velocities. 

DROP  TESTS  FROM  AIRCRAFT 

Tw|sted«Llne  Tests  at  Release  Velocities  of  110  Knots 


Twisted-line  drop  tests  wert;  conducted  on  101  canopies  in  which  parachutes  were  re¬ 
leased  from  aircraft  tha  were  flying  nt  110  knots  and  at  an  altitude  of  500  feet.  These 
te«6  and  the  test  results  obtained  are  listed  in  Table  3. 
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TABLE  3 


RESULTS  OF  TWISTED-LINE  TESTS  WHERE  PARACHUTES  WERE 
RELEASED  FROM  AIRCRAFT  AT  VELOCITIES  OF  110  KNOTS 


OpeniiiK 

Time 

(sec.) 


TABLE  3  (Continued) 
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Down 

Time 

(sec.) 


Remarks 


59-508 

59-350 

59-486 

59-351 

59-491 

59-351 

59-488 

59-276 

59-489 

58- 1058 

59- 131 
59-393 
59-509 
59-634 
59-703 
59-635 
59-702 

58- 972 
5S  1240 

59- 197 
59-274 
59-396 
59-354 
59-483 
59-707 
59-723 
59-630 
59-704 
59-278 
59-402 
59-389 
59-505 

58- 1055 

59- 195 
58.iaS2 
59-198 
59-487 
59-632 
59-275 
59-400 

59-586 


failed  to  open 

newr  un- 
iwisied 
failed  to  0{vn 
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TABLE  3  (C(MiCinued) 


Canopy 

No, 

Serial 

No.  of 
Canopy 

Porosity 

Group 

Test 

No, 

Opening 

Time 

(sec.) 

Untwist 

Time 

(sec.) 

Down 

Time 

(sec.) 

Remarks 

50 

677 

Xi 

58-1558 

4.3 

7.8 

S'! 

677 

Xi 

59-196 

7.2 

9.4 

never  un- 

I'.vjfTted 

5! 

680 

Xi 

59-649 

7.9 

failed  to  open 

(line  over  can- 

opy) 

51 

59-205 

failed  to  open 

49 

59-394 

3.0 

49 

■■ 

59-510 

4.6 

3.3 

'*.7 

Anulyses  of  the  performances  of  the  canopies  under  these  tests  follow, 
i.  Opening  'i'lmc  of  Canopy 

The  opening  time  of  the  parachute  canopies  tested  vailed  between  2  to  4  secc..^ 
for  i*ermeability  Group  i  and  increased  to  a  range  of  between  4  to  7  seconds  for  Per¬ 
meability  Croup  1 1.  as  shown  in  Figure  28.  All  tests  were  conducted  with  twisted  lines 
(see  Figure  4).  In  some  drop  tests,  the  canopy  would  relate  during  the  period  of  line  end 
canopy  stretch,  which  resulted  In  partial  or  tot  J  untwisting  of  the  suspension  lines.  In 
these  insunces.  the  inflation  would  be  normal  resulting  In  minimum  opening  times. 

For  the  purpose  of  this  evaluation,  the  opening  time  of  the  canopy  is  defined  ss  that 
interval  between  release  of  the  load  from  the  test  aircraft  (parachute  static  line  deployed) 
to  the  point  where  the  canopy  la  first  fully  inflated  prior  to  untwisting  of  the  suspension 
lines. 


The  maximum  opening  time  in  each  permeability  group  can  be  attributed  In  pen 
to  the  twisted  lines,  which  effectively  shortens  the  line  length  to  the  point  of  twist,  bi 
some  Instances,  the  canopy  would  begin  to  inflate  in  a  normal  fashion  but  the  effectively 
short  length  of  the  suspension  line  would  turn  the  skirt  of  the  canopy  into  the  flow  to  the 
extent  chat  it  panialiy  closed  again  before  final  inflation. 

Figure  28  indicates  that  there  is  a  linear  increase  in  opening  time  with  inciwasing 
cloth  permeaMiity  within  the  spread  of  the  test  results  obesin^ 

ilie  average  opening  tin>es  of  the  canopies  and  the  standard  deviations  of  the  test 
results  are  listed  in  Table  4.  This  table  shows  that  the  average  opening  time  is  Increasing 
linearly  with  increasing  cloth  permeability  from  2.87  seconds  for  Permeability  Croup  1 
(5U-70)  to  4.77  secoods  for  the  highest  Croup  II  (2S0-270),  The  sundard  deviation  of  the 
test  results  is  also  increasing  as  the  cloth  permeablUty  Increases. 


n 


TABLE  4 
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AVERAGE  OPENING  AND  IX)WN  TIMES  OF  CANOPIES  AND  STANDARD  DEVIATIONS 
(TWISTED-LINE  TESTS  WHERE  PARACHirpES  V/£RE  RELEASED  FROM 
AIRCRAFT  AT  VELOCITirv  100  KNOTS) 


Porasity 

Group 

No.  of 
Tests 

opening  Time 

Down  Time 

Opening  Time 

open  and  Untwi  J 

(seconds) 

(seconds) 

musssauiii^ 

M 

M 

M 

Hai 

1  (50-70) 

4 

2.87 

±  .58 

16.8 

1  2.30 

0,180 

±  ,*T0 

C.414 

2 

2  (71-90) 

2 

3  (91-110) 

17 

3.32 

±  .26 

15.25 

±2.68 

■Or  CM 

f.  .1:32 

0.541 

1.115 

1  4  (111-130) 

13 

3.25 

±  .50 

15.83 

1  2.60 

Eft 

t  .ti68 

0.504 

±  .184 

5(131-150) 

3.51 

1  .39 

16.06 

±  1.27 

Eft 

*  .032 

0.615 

±.188 

6(151-170) 

3.64 

1  .26 

14.96 

±  .94 

Eiw  fl 

X  .048 

0.506 

±.167 

7  (171-190) 

3.93 

i  .90 

13.67 

±2.15 

0,288 

±  .099 

a638 

±.217 

8(191-210) 

LiO 

i  .89 

14.73 

±4.19 

±  .139 

0.746 

±.182 

9(211-230) 

Wm 

4.50 

1  1.25 

12.30 

±2.87 

EimsyB 

±.141 

0.724 

±.229 

10  (231-250) 

11  (251-270) 

■1 

4,77 

±  1.52 

10.50 

±  1.98 

Ailthinetic  Mean  «  M 


.  UL 


Sundard  Deviation  •  SD 


2.  Down  Time  of  Canopy 

A  cofUtcquence  of  the  trend  of  Incxeacing  opening  time  with  Increaalng  cloth  per¬ 
meability  it*  that  the  canopies  In  the  higher  permeabllliy  groups  spend  a  longer  per:od  of 
time  in  a  low  drag  configuration.  This  means  that  the  higher  permeaMlIty  canopies  cover 
a  greater  portion  of  the  drop  distance  before  opening,  which  results  In  shorter  down 
times  as  shown  In  Figure  29. 

Table  4  also  lists  the  average  down  time  and  the  standard  deviation  for  the  test 
results.  These  data  show  that  the  average  down  time  Is  decreasing  from  16.8  t  2.30 
seccnds  for  Croup  1  (50-70)  to  10.50  i  1.98  seconds  for  Croup  11  (250-270). 


Ihe  ratio  of  opening  time  to  down  time  for  these  tests  as  a  function  of  permeability 
group  is  presented  in  Figure  30.  Failures  to  open  are  indicated  hy  points  falling  above 
tiie  line  giving  the  ratio  of  opening  time  to  down  time  equal  to  1.  Figure  30  shows  that 
the  canopies  In  the  lower  permeability  groups  required  only  a  small  portion  of  the  total 
down  time  to  open  whereas  a  few  of  the  canopies  In  the  higher  permeability  groups  re¬ 
quired  a  larger  portion  of  the  down  time  to  complete  the  opening  process.  The  average 
value  of  the  ratio  of  opening  to  down  time  as  listed  In  Table  4  is  increasing  linearly 
with  respect  to  cloth  pcmieabliiiy.  but  one  should  note  that  the  standard  deviation  of 
test  results  is  quite  large  for  the  higher  permeability  ranges. 
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[f  the  time  to  untwist  is  also  considered,  as  in  the  ratio  of  opening  plus  untwist 
time  to  the  down  time  as  shown  in  Figure  31,  we  can  see  that  two  additional  instances 
exist  where  the  canopy  failed  to  untwist  before  ground  impact.  Although  Table  4  lists  the 
average  value  of  the  ratio  of  opening  plus  untwist  time  to  down  time  as  increasing  linearly 
from  0.414  i  0.097  for  Group  1  to  0.724  ±  0.229  >roi!p  11,  a  large  standard  deviation 
indicating  the  spread  of  test  points  is  apparent.  Hris  deviation  is  also  shown  in  Figure  31. 

3.  Opening  Reliability 

Of  101  twir.ted-line  tests  conducted  at  release  velocity  of  ilO  knots,  thc/e  were 
six  drops  in  which  the  canopies  failed  to  inflate.  One  failure  each  occurred  in  Groups  3, 

4,  9,  and  10,  and  two  failures  occurred  on  successive  drops  of  the  'amc  canopy  in  Crsup 

11. 

Canopies  In  Permeability  Groups  3  and  4  had  lines  knotted  as  shown  in  Figures  32 
and  33  as  j  result  of  the  line  twists  and,  therefore,  were  prev  ted  irom  untwisting  funhei 
than  the  location  of  the  knots. 

The  canopy  in  Permeability  Group  9  that  failed  to  open  had  lines  untwisted  by 
ground  impact  as  shown  In  the  three-phMograph-sequence  of  Figure  34. 

The  canopy  in  Permeability  Group  10  and  one  in  Group  11  that  failed  to  open  also 
had  knots  In  the  suspension  lines,  which  presented  complete  untwisting  similar  to  those 
shown  in  Figures  32  and  33. 

The  second  failure  of  a  canopy  from  Permeability  Group  11  to  open  was  due  to  a 
suspension  line  over  the  canopy,  as  Is  shown  In  the  three-photograph-sequence  of  Figure 
35. 


The  only  failure  of  a  canopy  to  open  that  U  fully  explainable  Is  from  Permeability 
Group  11,  which  had  a  suspension  line  over  the  canopy.  During  the  other  four  drop  tests 
in  which  the  canopies  failed  to  open,  the  failures  may  have  been  due  to  knotted  auspensloo 
lines.  It  should  be  noted,  however,  that  In  some  Instances  canopies  did  open  even  though 
the  suspension  lines  never  did  fully  untwist  or  did  not  untwist  until  shortiy  before  ground 
impact.  There  was  no  recorded  damage  to  any  of  the  canopies  during  the  drop  tests  from 
aircraft. 

I'wistcd-ldne  'rests  at  Release  Velocities  of  150  and  225  Knots 


Twenty-four  drop  tests  were  conducted  In  which  parachutes  were  released  from  air¬ 
craft  flying  at  1.S0  knots  and  23  more  tests  were  conducted  In  which  parachutes  were  re¬ 
leased  from  aircraft  flying  at  225  knots.  These  tests  and  test  results  are  listed  in  Tables 
S  and  6.  Ilie  results  obtained  from  these  drop  tests  substantiated  the  trend  of  increasing 
opening  time  with  increasing  cloth  permeability,  at  shown  h<  Figures  36  and  37*  Canopies 
were  nut  avallaide  for  testing  from  all  the  permeability  groups,  and  In  some  esses  only 
one  canoi^y  of  a  particular  permcablilty  group  was  available.  With  so  few  test  points  and 
a  large  degree  of  variation  in  the  test  data,  no  qualitative  evaluation  of  opening  times  for 
specific  release  velocities  or  cloth  permeability  of  canopies  can  be  made. 
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TABLE  5 


RESULTS  OF  TWISTED-LINE  TESTS  WHERE  PARACHUTES  WERE 
RELEASED  FROM  AIRCRAFT  AT  VE*  OCI HES  OF  ISO  KNOTS 


Serial 

No.  of 
Canopy 

Poroalty 

Group 

Tear 

No. 

Opening 

Time 

(sec.) 

UntV'iBt 

Time 

(sec.) 

Down 

Time 

(sec.) 

Remarks 

1 

556 

1 

59-86 

7.0 

failed  to  open 

6 

506 

III 

59-93 

4.5 

3.6 

13.9 

13 

507 

III 

59-122 

2.9 

4.2 

18.7 

12 

508 

III 

59-88 

4.0 

17 

510 

IV 

59-123 

2.6 

4.8 

21.4 

19 

549 

IV 

59-124 

3.4 

2.8 

i>.2 

19 

549 

IV 

59-980 

4.1 

5.5 

IS.6 

21 

543 

IV 

59-84 

3.4 

3.7 

24 

525 

V 

59-90 

5.6 

6.2 

11.8 

28 

527 

VI 

59-981 

3.2 

16.9 

28 

527 

VI 

59-125 

2.8 

2.8 

18.2 

32 

591 

VI 

59-87 

2.7 

16.4 

34 

536 

VII 

59-662 

2.4 

BSH 

15.8 

34 

536 

VII 

59-689 

2.5 

14.3 

35 

537 

VII 

59-419 

3.1 

2.8 

16.8 

36 

596 

VII 

59-421 

4.0 

8.0 

15.5 

42 

561 

Vlll 

59-85 

2.5 

8.2 

18.4 

43 

562 

VIII 

59-91 

4.2 

3.2 

19.6 

44 

565 

IX 

59-95 

3.4 

S.S 

14.7 

45 

577 

IX 

59-94 

2.9 

18.6 

47 

573 

X 

59-982 

4.2 

16.3 

677 

XI 

59-87 

3.4 

4.6 

15.2 

49 

684 

XI 

59-92 

5.6 

12.0 

49 

684 

XI 

59-420 

7.3 

failed  to  open 

TABLE  6 

RESULTS  OF  TWISTED-LINE  TESTS  WHERE  PARACHUTES  WERE 
RELEASED  FROM  AIRCRAFT  AT  VELOCITIES  OF  22S  KNOTS 


Canopy 

No. 

Serial 

No.  of 
Canopy 

Porosity 

Group 

Test 

Na 

Opening 

Time 

(sec.) 

Untwist 

Time 

(sec.) 

Down 

Time 

(sec.) 

Remarks 

1 

556 

1 

nviM 

1.0 

■M 

m 

■9 

506 

III 

RSrM 

1.6 

mOm 

mm 

507 

III 

1.9 

■a 

508 

III 

59-116 

2.1 

17 

510 

IV 

59-422 

1.3 

16.5 

21 

543 

IV 

59-112 

2.2 

8.8 

16.4 

16 
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Canopy 

No. 


ly 

24 

28 

32 

34 

34 

35 

36 
42 


41 

43 

44 

45 

48 
50 

49 
49 


Of  the  24  drops  ccnduaed  at  release  velocities  of  ISO  knots,  two  failures  occurred  In 
which  canopies  failed  to  open.  One  failure  occurred  In  the  lowest  group  and  one  In  the 
highest  permeability  group.  The  failure  that  occurred  In  Group  1  was  caused  by  suspension 
lines  chat  were  twisted  and  knotted  at  the  midpoint.  The  parachute  canopy  chat  failed  to 
open  In  Pemieablllcy  Group  11  was  slowly  untwisting  and  was  nearly  Inflated  at  the  time 
of  ground  Impact. 

Out  of  a  total  of  23  tests,  three  failures  occurred  during  the  225-knQt  drop  tests.  One 
failure  each  occurred  in  Permeability  Groups  4,  8,  and  ll.  The  failures  In  Groups  8  and 
11  can  be  explained  In  pan  by  Figures  36  and  39.  which  show  the  entanglement  In  the 
suspension  lines. 

SPliClAl.  TESTS 

Comparative  Drop  Tests  from  Whirl  Tower  and  from  Aircraft 


TABLE  6  (Continued) 


Serial 

Porosity 

Test 

Opening 

Untwist 

Down 

No.  of 

Group 

No. 

Time 

Time 

Time 

Canopy 

(sec.) 

(sec.) 

(sec.) 

Remarks 

549 

iV 

59-96 

failed  to  open 

525 

V 

59-118 

2.8 

7.9 

527 

VI 

59-97 

4.2 

12 

591 

VI 

59-115 

4.2 

15.0 

536 

VII 

59-423 

1.7 

1.8 

13.5 

536 

VII 

59-452 

1.8 

»6.0 

537 

Vil 

59-454 

2.5 

15.6 

596 

VII 

59-453 

1.6 

10.0 

18.4 

561 

Vlil 

59-113 

7.1 

failed  to  open 
(photo  of  sus¬ 
pension  lines 
knotted) 

560 

'-'in 

60-1258 

3.0 

18.3 

562 

VIII 

59-119 

4.6 

1.5 

12.0 

565 

IX 

59-121 

11.2 

15.7 

577 

IX 

59-120 

7.0 

las 

679 

X 

60-1257 

2a2 

677 

XI 

59-117 

KEH 

8.2 

13.5 

684 

XI 

59-663 

5.1 

13.2 

684 

XI 

59-668 

■ 

6.1 

failed  to  open 
(photos  of 
twisted  sus¬ 
pension  lines) 

Seven  speclaUlnstrumented  drop  tests  were  conducted,  three  from  aircraft  and  four 
from  the  whirl  tower,  to  determine  If  forces  experienced  at  line  stretch  and  opening  were 
of  the  same  magnitude  for  nearly  identical  test  conditions,  utilizing  these  two  different 
test  methods.  All  tests  were  conducted  with  only  one  canopy  (Serial  No.  322S30)  from 
Permeabliity  Group  6.  The  release  velocity  was  ISO  knots  In  each  case  and  there  wi 
no  twisted  lines. 
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The  snatch  force  experienced  by  the  parachute  during  tests  from  the  whirl  tower 
varied  from  980  to  1740  pounds  as  shown  in  Figure  40  with  an  average  snatch  force  of 
1400  pounds.  The  snatch  force  encountered  during  drops  from  aircraft  varied  from  1320 
to  1700  pounds  with  an  average  snatch  force  of  1500  pounds.  The  soatch  forces  measured 
are  of  the  same  order  of  magnitude  for  both  types  of  ops. 

The  opening  forces  of  the  canopy  that  were  obtained  during  the  drop  tests  from  the  whirl 
tower  and  from  aircraft  were  also  of  the  same  order  of  magnitude*  as  seen  from  Figure 
40.  The  average  openii;g  force  for  the  drops  from  aircraft  was  19Sb  pounds  and  from  the 
whirl  tower  1860  pounds. 

The  snatch  and  opening  forces  of  the  parachute  canopies  that  wcr-~  '*xperienced  durins 
tests  utilizing  both  methods  of  drop  testing  were  nearly  identical*  and  the  forces  measured 
during  the  drops  from  aircraft  were  within  the  limits  of  the  forces  that  occurred  on  the 
whirl-tower  tests. 

Air  Permeability  of  Cloth 

The  air  permeabflft^'or  porosity  of  parachute  cloth  is  conventionally  expressed  as  the 
volumetric  (low  of  air  through  a  unit  area  of  cloth  at  a  specified  differential  pressure* 
usually  1/2-lnch  water  and  at  sea  level  conditions. 

Air  permeability  readings  of  the  canopy  cloth  were  taken  in  a  marked  area  of  each 
section  of  each  canopy  before  the  particular  canopy  was  packed  for  the  drop  test.  Per¬ 
meability  readings  were  taken  again  in  the  same  areas  after  the  canopy  had  been  subjected 
to  drop  test. 

A  graphical  presentation  of  average  air  permeability  values  measured  throughout  the 
canopy  for  all  available  canopies  are  shown  in  Figure  41.  Plotted  points  represent  values 
measured  after  manufacture  in  1947*  values  measured  prior  to  Initiation  of  drop  testing 
in  1959*  and  values  measured  after  the  completion  of  the  drop  test  program.  As  can  be 
seen  from  Figure  42*  the  cloth  permeability  had  Increased  during  the  time  period  1947- 
1959  for  all  permeability  groups;  however*  represematlve  test  results  presented  in  Refer¬ 
ence  1  indicate  changes  in  permeability  are  primarily  due  to  the  test  conducted  in  1947. 
The  greater  percentage  increase  occurred  in  the  lower  permeability  groups.  After  all 
testing  was  completed*  the  average  values  of  cloth  permeability  for  all  permeability 
groups  were  generally  lower  than  those  determined  prior  to  the  Initiation  of  the  drop 
test  program.  As  is  evident  from  Figure  43,  the  average  t^loch  permeabilities  for  the 
lower  permeability  groups  were  still  higher  after  the  completion  of  drop  testing  than  in 
1947.  Ip.  the  medium  (range  of  nominal  permeabilities)  snd  high  permeability  groups,  the 
average  cloth  permeability  values  measured  approached  closely  those  determined  in 
1947. 

The  change  in  average  cloth  permeability  in  a  given  parachute  canopy  after  each  drop 
test  was  determined  to  be  quite  erratic.  In  general*  however,  a  trend  of  decreasing 
average  cloth  permeability  as  a  function  of  number  of  canopy  deployments  can  be  de¬ 
tected.  llie  change  of  average  cloth  permeability  with  number  of  canopy  deployments  for 
parachute  canopies  in  th:  .e  different  permeability  groups  is  shown  in  Figure  44. 
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CONCLUSIONS 


An  experimental  test  program  was  conducted  to  val*;i4te  the  original  test  results  under 
actual  operational  conditions  and  to  determine  t  .*  effects  of  aging  upon  the  cloth  perrnea- 
bility  and  the  opening  characteristic'^  of  24-foot  diameter  textile  parachute  canopies.  These 
parachute  canopies  were  manufactured  in  1947  and  subjected  to  cloth  permeability  and 
drop  tests  at  that  time.  After  a  storage  period  of  12  years,  additional  cioth  permeability, 
twisted  line,  and  strength  tests  were  conducted.  As  a  result  of  this  Investigation,  the 
following  conclusions  can  be  reached: 

1.  No  essential  differences  in  the  opening  charaaerlsticb  oi  parachutes  couiu  be 
attributed  to  the  change  in  whirl-tower  testing  method,  which  ir  dcrscribed  under  Tests 
and  Deployment  Methods. 

2.  A  slight  increase  in  cloth  permeability  values,  panic  Jarly  In  the  lower  permeahtltiy 
range  (50-110  ft^/ft^/mln)  was  measured  at  the  end  of  the  U-year  storage  period;  however, 
these  increases  in  cloth  permeability  may  have  occurred  during  the  drop  testing  in  1947. 

3.  Opening  forces  of  the  canopies  and  opening  times  measured  compared  closely 
with  those  obtained  during  the  Initial  test  program  conducted  in  1947. 

4.  As  expected,  opening  forces  of  the  canopies  decreased  with  increasing  cloth  per¬ 
meability  under  Identical  test  conditions.  Conversely,  filling  times  Increased  with  increas¬ 
ing  cloth  permeability.  This  trend  also  held  for  canopies  deployed  under  twlsted-llne  con¬ 
ditions. 

5.  No  opening  failures  were  experienced  with  canopies  fabricated  from  cloth  with  high 
air  permeability,  although  the  variation  In  opening  time  and  opening  force  (for  Identical 
test  conditions)  increased  as  the  cloth  permeability  Increased.  This  same  trend  was 
observed  on  canopies  deployed  under  twlsted-llne  conditions. 

6.  Une  hundred  and  seventy-six  whirl-tower  tests  were  conducted  st  release  speeds 
between  100  and  22  S  knots.  During  these  tests,  only  two  Insunces  occurred  where  the 
canopy  failed  to  open  prior  to  ground  Impact.  In  one  Instance,  the  canopy  had  reached  3/4 
inflation  at  ground  Impact,  and  the  other  failure  was  partially  attributed  to  ungled  and 
knotted  suspension  lines. 

7. 1'hc  twisted  suspension-line  tests  conducted  at  release  velocities  of  110  knots  had 
six  canopy-opening  failures  in  101  tests.  Four  of  the  canopies  that  failed  to  open  were  of 
very  high  permeability.  If  packing  errors  can  be  disregarded,  the  two  opening  failures 
that  occurred  in  the  normal  permeability  range  are  unexplainable.  However,  we  bcKcve 
that  the  canopy-opening  failures  were  caused  primarily  ^  suspension  lines  that  became 
knotted  rather  than  untwisting  in  the  usual  manner. 
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PACK 

A-OePLOVM£NT  BAGtDftAC  PftODUCINC  SURFACE  PFCKEOI 
TURNED  RIGHT. LEFT  TWIST  IN  LINES. 

B— DEPLOYMENT  BACIDRAG  PRODUCING  SURFACE  PACKED) 
TURNED  LEFT,  RIGHT  TWIST  IN  LINES. 

C-  TURN  PACK  TO  RIGHT. RIGH^  TWIST  IN  LINES. 

0~  TURN  PACK  TO  LEFT.  LEFT  TWIST  IN  LINES. 
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c. RELEASE  VELOC IT Y  OF  I  50  KNOTS 
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•*  RePRLSENTS  2  TESTS 


7.  Foi'i'i-  anti  I'inr*  VvrsuH  Clt>lh  l\  rmi-al>ility  Crtiup 

l*»r  a  Ui  loasf  V\*liK  il>  «»1  100  Kitdd  {Wliiil*  l't)Wfr  Trrits) 
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Fl^urv  11.  Openitif  Force  and  Caning  Time  Verma  Cloth  Permeability  Group 
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Figure  U.  Opening  Force  and  Opening  Time  Veraua  Cluch  rermeabllUy  Group 
for  a  Release  Veioctly  of  US  Knots  {Whirl-Tower  Tests) 


F^rv  13.  Ratio  Opening  Force  to  Snatch  Force  Versus  Cloth  Permeability 
Group  for  a  Release  Velocity  of  12S  Knots  (WhirUTower  Tests) 


PERMeABILITY  GROUP 


Kipirt*  H.  Ratio  of  Opcnlrii  Force  to  Snatch  Force  Versus  Cloth  Pcrmeabliity 
(.roup  fur  a  Kcieaso  Velocity  t»f  1‘iO  Knots  (Whirl-Tower  Tests) 
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PERMEABILITY  GROUP 

•*  REPRESENTS  2  TESTS 
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Jlaiin  ot  Force  n>  Snatch  Force  Versus  CKAh  Permcablilty 

Grou|i  for  a  UeleaSi*  Velocity  of  175  Knots  (Whlrl-Tt>wer  Tests) 
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Kipurt-  P.  Fcircc*  Wrsus  Timv  ">i  Can(»py  Opening  ai  Holoaso  v'e  Jocity  of  175  Knots  for  Gix  up  I  (Wht-l-Towor  Tests) 


RefaiaM  Vek>ctt7  of  175  Knots  for  Group  2  <V'hirl-Tower  Tests) 


Ftcvtrc  20.  Force  Vcreue  Time  of  Campy  Openinf  at  flelca«e  Velocity  of  175  Knots  for  Croup  4  (Whirt-Tower  Tests) 
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Fiffure  21.  Force  Versus  Time  of  Canopy  Opening  at  Release  Velocity  of  17S  Knots  foi  Group  5  (Whirl-Tower  Tests) 


Figure  Zi,  Forcf  Ver»u!i  Time  of  Canopy  Opening  at  Release  Velocity  of  175  Knots  for  Group  7  (  Vhirl-Tower  Tests) 


Farce  Versus  Time  of  Canopy  Opening  at  Release  Veioetty  o{  175  Knots  for  Group  10  (V^^irl-Tower  Tests) 


Opening  et  Release  Velocity  of  175  Knots  for  Group  II  (v/hlrl-Towe^  Tests) 
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Ki):«rL*  iH.  ()|>enint;  Time  ii  Canoi>y  Vcthus  CliXh  Permeability  Group  for  Twisled- 
Liru*  Tests:  Release  Vebtelly,  110  K.iuls:  Altitude.  500  Feel  (Drops  from 
Aircraft) 
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PERMEABILITY  GROUP 

•*  REPRESEt  TS  2  TESTS 
•’represents  I  TESTS 


Flgun*  Down  Timo  of  Puruchute  Vi  rsui*  Cl«>th  Permoabilily  Cri>up  for  Twistetl- 
Linc  Tests:  Releuse  Velocity.  110  KniKs;  AltltUilc,  SOO  Feet  (Drops  from 
Aircnift) 


PERMEABILITY  GROUP 
•‘represents  2  TESTS 

•‘represents  3  TESTS 
•^REPRESENTS  4  TESTS 
•‘REFHEStnS  5  TESTS 
•‘represents  8  TESTS 

POINTS  ABOVE  1.0  LINE  INDICATE  FAILURES 

Figure  30.  Ratio  <rf  Opening  Time  to  Down  Time  Vereue  Clotb  Permeability  Group 
fur  Twisted' Line  Tests:  Rcloasc  Velocity.  110  Kaots;  Altitude,  500  Feet 
fUropa  from  Aircraft) 


TIME 


KItCMn*  T^Aixlul  ami  Km^UxI  Suttpimviuo  Lim’»  un  a  Parachute  Canopy  (rum  Cloth 
IVrmfablllly  Grnip  i  (Toil  No.  S8*I0Si) 
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Fl^re  M.  Caaofijr  from  ClotJi  PenneabiUty  Group  9  That  Failed  to  IitfUte 
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Ptfttra  3S.  Caaoiqr  from  doth  PermeabiUty  Grcwp  11  That  Failed  to  Inflate 


PERMeASiLlTY  GflOUP 


Fitfiirc  Hi.  Time  oT  CutMipy  Versus  Cloth  Permeability  Group  for  Twisted' 

Line  Tests:  Kelease  Velocity,  150  KaoU;  Altitude.  500  Foot  (Drops 
front  Aircraft) 
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Note  in  »u*pcn*ion  line-.  Closcup  of  twists  in  the  suspension  Unes. 

Flfcure  JS.  Caoop>-  from  Cloth  PermeahiUty  Group  11  That  Failed  to  Inflate;  Retease  Vel.wUy,  Knots 
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Average  Cloth  Permeability  Values  for  All  Available  Canopies 
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PERMEABILITY  GROUP 

Figure  43.  Average  Cloth  Permeability  Values  fur  All  Permeability  Groups  In  1947 
and  In  1959  After  Completion  oC  Drop  Testing 
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